Health at the onset of old age
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Abstract

In population studies, there is a need for new aging measures which reflects the improvements in
health and longevity. We bring two important ageing-related characteristics, life expectancy and
health, together under the framework of “Characteristic Approach” to create a dynamic age
measure which we call “Prospective Health Age” (PHA). Using a novel composite metric of health
developed as part of the ATHLOS project, we compare the level of health of different birth cohorts
in England and the US at the onset of old age which is defined based on fixed chronological age
(i.e., conventional approach) such as age of 65 and fixed years of remaining life expectancy (i.e.,
prospective approach). We show that people, at the prospective old age threshold, have roughly
the same level of the composite health metric regardless of when they were born or whether they
are English or American. Hence, we use the constant values of the composite health metrics for
women and men to define “prospective health-age thresholds” which are the ages at which the
average level of health in population subgroup equals those constant values. An analysis of
prospective health-age thresholds shows that there are significant disparities in health across
educational categories, genders and countries. In particular, we show that health inequality across

education groups was greater in the US than in England.
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Introduction

Over the last century, improvements in living conditions and medical progress have led to
significant increases in the life expectancy of people. Despite these changes, the concepts and
methods used to measure population ageing have not changed much. Indeed, the term “elderly”
still refers to persons who have lived up to or beyond some certain ages. However, this approach
may be misleading as people with different characteristics experience the process of ageing
differently. For example, people of different generations may age at different rates. People who
are 65 years old today are, on average, in much better physical and mental condition [1, 2], and
generally expect to enjoy longer lives [3-5] than people of the same age in the past. Consequently,
the average 65 years old individual of today may not be really as “old” as their earlier counterparts.

In order to keep up with this evolving reality, Sanderson and Scherbov developed the
“Characteristics Approach” [6-8] and proposed the creation of new measures of ageing based on
people's ageing-related characteristics, such as remaining life expectancy. Using this framework,
they re-defined the boundary of old age based upon a fixed number of years of remaining life
expectancy and called this new measure the “prospective old age threshold (POAT)” [7, 9]. Based
on this new definition of old, they showed that many regions that were considered to be suffering
of the “aging population problem” show almost no sign of aging in the past years.

Another important characteristic related to the ageing process is health. In fact, mortality rates are
widely used as an imperfect measure of population health for cross-country comparisons (e.g.
[10]). However, health is also a multidimensional phenomenon and it involves several factors
beyond mortality. Measuring health has been challenging, especially at the individual level. Some
of the measures used to reflect individual health are dependent on subjective self-reported
evaluations (e.g. self-rated health), measures of ability to function independently (e.g. ADLs and
IADLs), or morbidity indicators (e.g. whether an individual is or has suffered a particular disease)*.
However, none of these measures can be considered both comprehensive and objective
representations of overall health. To address these shortcomings, a novel composite metric of
health was developed in Caballero et al. [12] as part of the Ageing Trajectories of Health:
Longitudinal Opportunities and Synergies (ATHLOS) Project. This new measure can be used to
create health-age trajectories and, therefore, analyze health status of different populations at
different time.

Our study combines these two important ageing-related characteristics, life expectancy and health,
under the framework of “Characteristic Approach” to create a new age measure which we call
“Prospective Health Age” (PHA). In simple terms, we find the average health of different
populations at the time the average remaining life expectancy is 15 years, and, posteriorly,
calculate the specific ages at which subpopulations reach this level of health. This new measure
allows us to analyse the trajectories of health at the onset of old age for different populations.

This paper proceeds in two steps. First, we compare the health-age trajectories of different birth
cohorts observed in the English Longitudinal Study of Ageing (ELSA) and in the US Health and

1 See [11] for a discussion of different measures of health used for cross-country comparisons.



Retirement Study (HRS) using chronological and prospective based definitions of “old age”. One
desirable feature of an old age threshold is that people just entering the stage of old age should
have roughly the same health regardless of when they were born. We find that the health of
individuals at the same chronological age, but of later birth cohorts is always higher than the health
of individuals in earlier birth cohorts. On the contrary, people with the same prospective age in
subsequent cohorts have roughly the same level of health.

Posteriorly, we use this feature of the POAT to define the level of health at the onset of old age,
and based on this, we develop the “prospective health age (PHA)”. Using this new measure, we
compare the aging trajectories by levels of education in the US and England. We find that there are
significant disparities in health across educational categories, gender and countries that lead to a
faster aging process for some population subgroups than others do. In particular, between
different education categories, the inequality in health is so large that it creates approximately 10
years difference in PHAs. Across countries, we find that the average difference in PHAs by
education is always lower in ELSA than in HRS for both genders, implying a larger health gap in the
US than in England. We also observe that the improvements in health in the US fall behind those
in England, affecting particularly high school dropouts negatively. The key findings we outline
above are consistent across genders but always larger for males than females.

The contribution of this paper to threefold. First, using a novel measure of health, we show that
the POAT reflects the health-aging nexus better than the conventional fixed chronological old age
threshold does. Second, it provides a framework to define “old age”” based on life expectancy and
health. The proposed measure can be used in a variety of contexts and facilitate comparisons of
health-age trajectories across different populations. Third, using our new measure, we show that
there is an increasing inequality in health by education, implying a much faster aging for those with
low levels of education. It also has an important policy implication as it gives additional support to
the argument that increasing the education level of the population could imply significant gains in
terms of healthy ageing.

The rest of the paper is divided into four sections. The first briefly describes the data and the health
measure used in the analysis. The second summarizes the methodology applied to determine
health-age trajectories and compare the trajectories in aging considering the definition of ““elderly"
in terms of chronological age and remaining life expectancy. The third introduces the new old age
threshold based on health and remaining life expectancy and use it to compare the aging patterns
of people with different education levels. The final section discusses the results and concludes.

1. Data

Our analysis is based on two longitudinal surveys of non-institutionalized individuals over the age
of 50, the US Health and Retirement Study (HRS) and the English Longitudinal Study of Ageing
(ELSA). We focused on an ELSA subsample of 12,686 white individuals (6,685 females and 6,001
males) and a subsample of 25,542 white individuals from HRS (13,910 females and 11,632 males)
with ages ranging from 50 to 80 in the years 2002 to 2012.

Health is measured using an individual-based composite health metric developed in Caballero et
al. [12] as a part of ATHLOS project. For the estimation of this health metric, a Bayesian Multilevel
Iltem Response Theory methodology was used on a set of health-related items including self-



reported health questions and measured tests obtained from longitudinal household surveys. The
index was further expanded in de la Fuente et al. [13] for a joint panel of 6 waves of the English
Longitudinal Study of Ageing (ELSA), taken every other year between 2002 and 2012, and 11 waves
of the Health and Retirement Study (HRS) from the years 1992 to 2012. The version of the health
metric used in our analysis is the latter one. It was estimated based on 45 health characteristics
observed in seven waves of ELSA and 30 of these characteristics observed in 11 waves of HRS?. The
health score take values on a 0 to 100 scale, with higher values indicating better health.

2. Comparison of health trajectories based on different definitions of old
age

Health and ageing are closely related, as people’s health naturally declines as they age. Therefore,
a logical test of the appropriateness of an old age threshold is that it changes so as to keep the
average level of health constant across time. Based on this criterion, we compare the health-age
trajectories of different birth cohorts observed in ELSA and HRS. Particularly, we focus on the
health levels of different cohorts at the onset of old age.

The onset of old age is defined in two ways. The conventional old age threshold assumes that
people are categorized as old at a fixed chronological age, usually at age 65. The alternative, the
prospective old age threshold (POAT) proposed by Sanderson and Scherbov [6 -9], defines the
onset of old age as depending on remaining life expectancy. Here, we set the POAT at the age
where the remaining life expectancy is 15 years. Formally, let e; . (.) be the life expectancy of the
population group i at time t. The calculation of the POAT is therefore carried out using the
following equation:
POAT;, = e;*(15),

where POAT; ; is the prospective old age for gender i in year t and el-ftl(lS) is the age in the life
table of gender i in year t where the remaining life expectancy is equal to 15 years (see Appendix
A for a hypothetical calculation of POATs based on life expectancy).

The analysis followed a two-step process. First, a calculation of the POAT was carried out
independently for each subgroup. In order to do that, using a Cox-Gompertz model, we calculate
survival curves and construct life tables for each sample and gender independently and then, based
on these estimated life expectancies, we calculate the POATs. The results are shown in Table 1. As
expected, males have lower life expectancy and, therefore, a lower POAT than females. The gap,
on average, is 2 years in ELSA, and around 3.5 years in HRS. More importantly, there is a substantial
cohort effect. Indeed, between 2002 and 2012, life expectancy increased by 3 years for females
and about 4.6 years in the case of males in ELSA. The corresponding figures in the HRS sample are
relatively smaller than those in ELSA (1.5 and 1.8 years for females and males), but still not
negligible. This, by itself, provides a strong counterargument against fixing the beginning of the old
age at a static chronological age.

2 Details of the methodology and the health characteristics used can be seen in Caballero et al. [12] and de
la Fuente et al. [13].



Table 1: Prospective old age thresholds (POAT) by gender for England and USA, 2002 to 2012

Prospective Old Age Thresholds (in years)
England USA
Year Female Male Female Male
2002 70.75 67.99 71.93 68.42
2004 71.36 68.93 72.24 68.79
2006 71.97 69.87 72.55 69.16
2008 72.57 70.80 72.86 69.53
2010 73.17 71.71 73.16 69.90
2012 73.75 72.60 73.47 70.26

Source: Authors’ calculations.

Note: POATSs are the chronological ages at which remaining life expectancy is 15 years.

In the second step, we estimate the representative paths of health at older ages for individuals of
subsequent cohorts. The health measure used in the analysis implies a wide distribution of health
scores for individuals in both samples according to the responses related to the health-related
items. Therefore, in order to trace the representative health of individuals of different birth cohorts
at different ages, we use a least squares methodology. Specifically, we fit second-degree
polynomial curves of the health score on age and year form independently by gender. As the
measure devised by de la Fuente et al. [13] provides multiple, but not specifically path-dependent®
observations of individual health, we take 100 random draws of both ELSA and HRS panels
containing a single observation per individual and, for each random subsample, estimate the
following model:

health; = ay + a; xage; — a, * agezl. + a3 * wave; + ¢; (1)

Table 2: Coefficients of the fitted second-degree polynomial health curves

Coefficient ELSAfemate  ELSAyge  HRSfemate  HRS, 40
constant 42.182*** 74.785**%*  £8.479*** 58.120***
(5.069) (5.832) (4.653) (5.347)
age 0.980*** -0.014 0.004 0.368*
(0.160) (0.183) (0.141) (0.168)
age2 -0.011%** -0.003* -0.003** -0.006***
(0.001) (0.001) (0.001) (0.001)
wave 0.458*** 0.598*** 0.123* 0.291%***
(0.056) (0.058) (0.061) (0.063)

Notes: Coefficients are the averages of 100 OLS estimates of health on age, age”2 and survey year by gender.
Standard errors are in parentheses. ***p <0.001; **p < 0.01, *p < 0.05, 'p< 0.1
In Table 2 we present the average estimated coefficients, as well as the standard deviations. All
coefficients estimates are found to be statistically different than zero and significant at various
levels, same for the linear age coefficients for the ELSA male and HRS female subsamples. However,

3 In particular, an individual that possess the same set of health characteristics at subsequent points in time is not
assumed to have the same health score (i.e., health;,1 # health;;) nor any form of individual-specific autocorrelation
(i.e health; 4, # phealth; + €;), but a health score that comes from the same underlying distribution (i.e.,
healthy ., ~ F(8) A\ health; ~ F(6)).



for all cases, we observe a significant effect of age and wave supporting the argument that health
decreases with age and increases over cohorts.

Using the estimated coefficients, we calculate levels of health for the different samples, genders,
ages and years. The estimated health-age-year trajectories can be seen in Figures 1 and 2. As
shown in both figures, on average, the health of individuals at the same chronological age, but of
later birth cohorts is always higher than the health of individuals in earlier birth cohorts.

Figure 1: Trajectories of health by gender at different ages and years, England (ELSA)
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Figure 2: Trajectories of health by gender at different ages and years, USA (HRS)
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NOTE : Health trajectories are calculated using the regression coefficients presented in Table 2.

Tables 3 and 4 provide information on the average level of health of different birth cohorts at the
onset of old age. We can see that, at age 65 (i.e., the standard static fixed old age threshold), the



health score of successive cohorts is always increasing, while at the POAT* (i.e., dynamic old age
threshold based on remaining life expectancy) the health levels remain almost constant. For
example, the health score of the average 65 years old female in England increased from 59.95 in
2002 to 62.24 in 2012. The corresponding numbers for men in England are 61.61 in 2002 and 64.6
in 2012, indicating an almost 5 percent increase in the health score within ten years. Similarly, the
health score of the average 65 years old male in the USA increases approximately 1.6 percent in
the same period.

Table 3: The level of health at fixed old age threshold (i.e., age 65) and at prospective old age
threshold (POAT)* in England, males and females, 2002 to 2012

ELSA
Health at age 65 Health at POAT

Gender | Year Mean Cl (95%) Mean Cl (95%)
2002 59.95 [59.59, 60.32] 57.02 [56.74, 57.30]
2004 60.41 [60.12, 60.70] 57.12 [56.92,57.32]
Female 2006 60.87 [60.62, 61.12] 57.22 [57.03, 57.41]
2008 61.33 [61.08, 61.58] 57.31 [57.07, 57.56]
2010 61.79 [61.49, 62.08] 57.40 [57.06, 57.74]
2012 62.24 [61.87, 62.61] 57.49 [57.04, 57.93]
2002 61.61 [61.23, 61.99] 60.36 [60.02, 60.70]
2004 62.21 [61.91, 62.51] 60.55 [60.30, 60.08]
Male 2006 62.81 [62.56, 63.06] 60.74 [60.53, 60.94]
2008 63.40 [63.16, 63.65] 60.93 [60.69, 61.16]
2010 64.00 [63.72, 64.29] 61.12 [60.80, 61.44]
2012 64.60 [64.24, 64.96] 61.31 [60.88, 61.74]

Source: Authors’ calculations using the regression coefficients in table 2.
Note: *POATs are the chronological ages at which remaining life expectancy is 15 years.

Table 4: The level of health at fixed old age threshold (i.e., age 65) and at prospective old age
threshold (POAT)* in USA, males and females, 2002 to 2012

HRS
Health at age 65 Health at POAT

Gender | Year Mean Cl (95%) Mean Cl (95%)
2002 57.32 [56.96, 57.69] 54.62 [54.36, 54.89]
2004 57.45 [57.16, 57.73] 54.62 [54.43, 54.81]
Female | 2006 57.57 [57.33, 57.80] 54.61 [54.43, 54.80]
2008 57.69 [57.45, 57.94] 54.61 [54.36, 54.86]
2010 57.82 [57.51, 58.12] 54.61 [54.26, 54.95]
2012 57.94 [57.55, 58.33] 54.60 [54.14, 55.06]
2002 60.24 [59.83, 60.65] 58.96 [58.59, 59.32]
2004 60.53 [60.21, 60.86] 59.10 [58.83, 59.38]
Male 2006 60.82 [60.56, 61.09] 59.24 [59.01, 59.48]
2008 61.11 [60.86, 61.37] 59.39 [59.13, 59.65]
2010 61.40 [61.10, 61.71] 59.52 [59.19, 59.86]

4 Note that the ages used in the calculation of the POAT change every year as shown in Table 1.




Health

| | 2012 | 61.69 | [61.31,62.08] | 59.67 | [59.22,60.11] |

Source: Authors’ calculations using the estimated coefficients in table 2.
Note: ¥*POATSs are the chronological ages at which remaining life expectancy is 15 years.

This can be further seen in Figures 3 and 4, which include the confidence interval of these
calculations. Effectively, at a fixed old age threshold we see an upward trend, while at the POAT
the trend is statistically flat. This implies that, in terms of health, the average 65 years old individual
of the year 2012 is not as “old” as the average 65 years old individual of the year 2002. On the
contrary, the health levels at the POAT of individuals belonging to different birth cohorts remains
almost the same, pointing to similar levels of ageing. Given these results, if we consider that ageing
is always accompanied by a decrease in health, a fixed chronological age does not provide an
appropriate base for intergenerational comparisons of the ageing process.

Figure 3: Comparison of trajectories of health: At age 65 with those at prospective old age
thresholds (POAT), England (ELSA), 2002 to 2012
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Figure 4: Comparison of trajectories of health: At age 65 with those at prospective old age
thresholds (POAT), USA (HRS), 2002 to 2012
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3. Prospective health ages

As stated before, the “Characteristics Approach” of Sanderson and Scherbov provides a framework
to create new age measures according to some of characteristics that are relevant for ageing®.
Using this approach, we can translate the difference in the levels of health across population
subgroups into an index measured in years, allowing us to make a simple and straightforward
comparison of the aging trajectories across various population subgroups based on health.

To calculate it, we start from the findings in the previous section that people of different birth
cohorts have roughly the same level of health at the POAT. Thus, based on the average health level
at POAT, we define the health at the onset of old age and call it “prospective health age threshold
(PHAT)”. In line with Characteristic Approach, the chronological ages that corresponds to this fixed
level of health give us the “Prospective Health Ages (PHA)".

For example, let us assume that we want to calculate the PHA of females with college education in
HRS in 2002. For this, we first take the average health level of females at POAT as a baseline; call it
“Prospective Health Age Threshold (PHAT)”. Using the results from the estimations on the 100
random subsamples of both ELSA and HRS, we find that the PHAT for females equals to 55.94. Now,
we want to see the chronological age of the college educated American women who have that
level of health in 2002.

Following the characteristics approach we have:
ki,t = Cl't(a) = 55.94‘

where k is the health score at the given calendar age a = PHATfopmqe for the female population
iintheyeart = 2002.

To find out at what age the female population i in the year £ = 2002 has the same level health,
k¢ we use:

o= Cif (Coe(@) = €7 (55.94) = 77.91

Therefore, an average college educated American women at PHAT in 2002, in terms of health,
would be 77.91 years old if compared to average women in both ELSA and HRS samples in 2002.

Following the procedure described above, we calculate prospective health ages of individuals with
different education levels separately for each survey and gender. The procedure is similar as the
one used to calculate the aggregate health-age-year nexus: the representative ages at which
individuals of different educational categories reach the respective PHATSs are calculated by fitting
second-degree polynomial curves of the health score on age, age squared and a dummy variable
indicating whether the person has a college education. We repeat the procedure for 100 random
draws of single observations per individual, independently by gender, year and study (see Appendix

5 Formally, a characteristic schedule is defined as k = C,.(a), where k is the level of the characteristic observed at age a in population
r. Let k be the standard of comparison. The characteristics function C(.) can be inverted (under the assumption of continuity and
monotonicity) to obtain characteristic based ages, denominated in general as “alpha ages” for any population different than r. For
example, to find the alpha age of population s when compared to the standard level k of population r, we calculate &= C;l(Cr(a))



B for the estimated coefficients and their corresponding statistical significance). We can see the
calculated PHAs numerically in Table 5 and graphically in Figures 5 and 6.

Table 5: Prospective health ages by gender at different levels of education, England and USA,
2002 to 2012

(a) Females
Prospective health ages for females*
Vear England (ELSA) USA (HRS)
No College With College No College With College

2002 70.33 85.93 64.73 77.91

2004 72.60 81.26 60.72 77.40

2006 73.66 83.01 62.46 76.38

2008 73.87 80.42 64.37 74.54

2010 74.08 80.33 63.04 75.61

2012 76.34 80.90 65.13 79.20
mean : 73.48 81.97 63.41 76.84

(b) Males

Prospective health ages for males*
Vear England (ELSA) USA (HRS)
No College With College No College With College

2002 63.90 88.20 57.18 73.96

2004 68.81 85.91 57.46 75.71

2006 68.70 85.51 60.59 74.40

2008 70.42 81.10 60.68 74.94

2010 72.72 83.01 58.27 74.49

2012 74.70 84.78 61.84 73.93
mean : 69.88 84.75 59.34 74.57

Note : * Prospective health ages are calculated separately for each gender, given that estimated average level of health at the
prospective health age threshold is 55.94 for females, and 60.07 for males.

We find significant differences in the health-age patterns by education in both samples. First, it is
noticeable that college-educated individuals are, on average, much healthier than their
counterparts with no college degree. The difference in prospective health age between the college
and non-college groups is around 8.5 years for females and 15 years for males in the ELSA sample.
The corresponding figures in the HRS sample are 13.4 and 15.2 years. These results also imply that
health inequality, especially for women, is much bigger in the USA than England.
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Figure 5: Comparison of trajectories of health by education based on gender-specific prospective
health age thresholds (PHAT), England (ELSA), from 2002 to 2012
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Figure 6: Comparison of trajectories of health by education based on gender-specific prospective
health age thresholds (PHAT), USA (HRS), from 2002 to 2012
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Across countries, the results show that Americans, in average, have worse health than their
counterparts in England. For example, among those with no college degree, British, on average,
are much healthier than their American counterparts are. Indeed, they have the same level of
health later (i.e., 10 years for females and 10.5 years for males) than their peers in the USA. Looking
at prospective health ages of those who hold at least a college degree, again we observe the

11



inequality in health, but to a lesser extent. Moreover, in the observed period, the improvements
in health in the USA fall behind those seen in England, which widens the gap in health between
these two countries. In particular, there seems to be a significant decrease in the educational gap
in the ELSA sample for both females and males, while, on the contrary, the differences remain
more or less constant in the HRS. Overall, these results are consistent with results from the
literature that show that Americans tend to have worse health than the English and that the
educational/income gradient is wider in the case of the US [11, 14, 15].

4. Concluding remarks

The results presented in this paper show that chronological age fails to reflect some of the
important characteristics related to the ageing process. We know that the average lifespan of
individuals is increasing over time. According to this, the conventional aging approach, which
defines the beginning of old age based on a fixed chronological age, implies that individuals of
consecutive cohorts would spend an increasing number of years at old ages. On the other hand,
the prospective measurement strategy proposes the opposite view: by defining old age according
to remaining life expectancy, individuals in subsequent cohorts spend the same amount of years
at old age, while their number of years before old age increase. Here we show that, if the ageing
process is closely related to the health of individuals, the prospective age measure is a better
measure of ageing than the standard measure, as, at a fixed chronological age, health is improving
over time, while, on the other hand, life expectancy and health tend to move in parallel.

We use this feature of POAT to define the health at the onset of the old age, which we call
“prospective old age threshold”. We show that this alternative age measure based on health can
be used in a variety of contexts and facilitate the comparisons of healthy ageing trajectories across
different populations. Indeed, using this new measure, we compare the health based aging
trajectories by education for the birth cohorts observed in ELSA and HRS and show that there is an
important inequality in health and, therefore, aging across different education categories both in
the US and England, albeit smaller in the latter. We also show that the gap is always larger for
males.

There are several implications of our results. First, they give strong support to the use of the POAT
as defined by Sanderson and Scherbov [6, 9] as a better representation of the ageing process. It
also supports the validity of the composite health metric designed by Caballero et al. [12] and de
la Fuente et al. [13] as a proper summary measure of healthy ageing. Finally, and also on the policy
side, it provides additional support to the argument that increasing the education level of the
population could imply significant gains in terms of healthy ageing.
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Appendix A: lllustration of the calculation of prospective old age thresholds (POAT)

Table A.1 shows hypothetical life expectancies for group i between ages of 65 and 67 over the
period t to t+5. To find the prospective old age thresholds (POAT), we look for the ages
corresponding to a remaining life expectancy of 15 years in each column.

Table A.1: Hypothetical life expectancies (ei) between ages 67 and 69 for the years ¢t through t+5

Year

Age t t+1 t+1 t+3 t+4 t+5
670 [1500] 1520 1540 1560 1580  16.00
671 1495 1515 1535 1555 1575  15.95
672 149 1510 1530 1550 1570  15.90
673 1485 1505 1525 1545 1565  15.85
674  14.80 1520 1540 1560  15.80
675 1475 1495 1515 1535 1555 1575
676 1470 1490 1510 1530 1550  15.70
677 1465 1485 1505 1525 1545 1565
67.8 1460  14.80 1520 1540  15.60
67.9 1455 1475 1495 1515 1535 1555
630 1450 1470 1490 1510 1530 1550
631 1445 1465 1485 1505 1525 1545
63.2 1440 1460  14.80 1520 1540
633 1435 1455 1475 1495 1515 1535
634 1430 1450 1470 1490 1510 1530
685 1425 1445 1465 1485 1505  15.5
686 1420 1440 1460  14.80 15.20
687 1415 1435 1455 1475 1495 1515
638 1410 1430 1450 1470 1490  15.10
63.9 1405 1425 1445 1465 1485  15.05
69.0 1400 1420 1440 1460 1480 [ 15.00]

The table of POATs would then be:

Year POAT
t 67.0
t+1 67.4
t+1 67.8
t+3 68.2
t+4 68.6
t+5 69.0
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